Background: One way to improve the quality of palliative care for elderly patients is to use an interprofessional team approach, which may be encouraged through interprofessional education (IPE). However, the effectiveness of IPE interventions has yet to be proven. We therefore designed a randomized controlled trial using a simulated practice setting to measure the effects of an IPE intervention on medical students' clinical behaviour.
The increasing need for interprofessional education (IPE) has been acknowledged on a national level, for instance, by the German government [12] , as well as on an international level by the WHO [13] . Providers of education are urged to implement curricula that serve to prepare healthcare professionals for interprofessional teamwork by developing the skills needed. Interprofessional Education occurs when two or more professions learn with, from, and about each other to improve collaboration and the quality of care [14] . What remains unclear is whether IPE really influences students' behaviour in the everyday clinical setting. Past studies suggest it does; however, the methodology used in these studies is considered weak, as approaches to measuring behavioural changes relied on self-reported perceptions of change [15] .
In a systematic literature review (SLR) of interprofessional education and its evaluation, Hammick et al. [15] suggest that evaluation of IPE in real and simulated practice settings is needed to strengthen our knowledge of mechanisms that lead to positive behaviour changes. This study aimed to examine whether IPE effects on behaviour can be shown using a simulation technique. The study objectives were 1) to assess qualitative performance (care objectives) and 2) to analyze quantitative performance changes in initiation of contact, interruptions, speaking time, and information items exchanged.
Methods
This was a stratified, singleblind, controlled, parallel group study conducted in one German medical school.
Participants
Eligible participants (see Figure 1 ) were third-year undergraduate medical and nursing students from the RheinRuhrgebiet region in Germany. This population is representative of Germany's medical and nursing students, as medical and nursing education is nationally standardized. However, students volunteered for this study, thereby constituting a convenience sample. Bias related to this method will be discussed later.
A sample size of N = 40 consecutive students were enrolled in the study, the number repre-
Figure 1
Participant flow senting a compromise between the calculated sample size (see "sample size"), teaching quality considerations, and available resources.
Intervention
The intervention group received a teaching intervention that was designed to deliver interprofessional core competencies. To teach those competencies, we designed a curriculum around palliative care for elderly people. Education was delivered in an interprofessional way as defined by CAIPE [14] . Seminar topics are presented in Figure 2 .
Figure 2 Seminar topics and delivery schedule
A detailed description of the curriculum is given elsewhere [16] . The educational strategies used include PowerPoint presentations, case studies, reference articles, role play, reflection, and discussion rounds, as the potential of IPE to change behaviour is considered to improve by blending different educational methods [17] .
The control group did not receive any teacher-based intervention. Participants were merely provided with the written materials (text, slides, and paper-cases), which were used by the facilitators in the intervention group. Control group participants were asked to study these materials in silence. Silence and the prevention of interaction were regulated by a supervisor, thereby controlling for the independent variable (IPE). This design was adopted to identify specific effects that are caused by IPE instead of being caused by baseline knowledge acquisition through information input.
A teacher-student ratio between 1:5 and 1:10 is suggested for successful IPE, as discussed by Oandasan and Reeves [18] . Three experts facilitated the implementation of the curriculum. For a facilitator to teach the curriculum, we defined the following minimum requirements: clinical experience in their respective field of specialization (palliative care, geriatrics, communication science) greater than 5 years, sufficient demonstration of academic qualification (MSc/PhD in Palliative Care, MScN, DPsych), and demonstration of training in didactic methodology (train the trainer certificate).
For additional guidance, tutors were asked to refer to the seven Interprofessional Core Competencies (CC 1-7, shown in Figure 3 ) identified by the Canadian Interprofessional Health Collaborative [19] .
Figure 3 Seven interprofessional core competencies
Pre-intervention, all three facilitators attended a two-hour individual training session. This involved an introduction to, as well as a discussion of, the CC and the seminar topics. As the facilitators were asked to exemplify to the students all core competencies using examples from curriculum topics, such examples were given and discussed using a standardized table.
Example: Dementia is a common issue in the elderly. Evaluating pain in a patient with dementia can be very challenging. When specific behaviour indicating pain has been identified by nursing staff, CC5 becomes important as this piece of information has to be communicated to the medical staff in order to jointly take measures to relieve the patients suffering (also CC1 and 2 may be simultaneously used; see Figure 3 ).
Figure 4 Hypotheses
Objectives This study aims to examine whether IPE effects on behaviour can be shown using a simulation technique. In order to formulate concrete hypotheses on positive interprofessional behaviour, we referred to the definition of interprofessional working capabilities (IWC) by Walsh [20] (Figure 4) .
According to CAIPE's definition of IPE [14] , hypotheses I and II can be seen as assessing the factor of collaboration as a positive outcome of IPE. Meanwhile, hypothesis III partly addresses the factor of quality of care, although actual quality of care is a multifaceted concept linked to the patient and the clinical setting that could not be fully measured in the context of this study.
In terms of measurement, we established a simulated practice setting to control for external confounding. Two different case vignettes were presented to matched pairs (medical:nursing = 1:1) pre-and post-intervention. Vignettes had to be read individually in silence, and making notes was encouraged. Case vignettes described the medical history and current state of a hospitalized elderly person close to the end of life. Vignettes were modified for both professional groups and contained, in addition to general baseline information, 15 extra profession-specific information items that were not included for the other professional group, and vice versa. We then asked each pair of professionals to jointly discuss the case and decide on care objectives while they were being filmed, as shown in Figure 5 and 6.
We call this method "simulated interprofessional contact" (SIC).
Figure 5 Evaluation method
Case vignettes were generated through a Delphi process, including five experts from palliative care, geriatrics, and nursing science. In a second step, vignettes were pretested for accessibility, distribution of information items, and content validity. Results of the pre-test indicated that changes to the case vignettes were not necessary (data not shown, available upon request).
We developed a common grid suitable for transcribing the video material, which was then independently screened and evaluated by two data analysts (HH, JMJ). Results were compared, and in conflicting cases (which were predefined) videos were jointly re-evaluated and conflicts resolved through communicative validation.
Figure 6 Study design
Listed below are the criteria used to quantify and measure the hypotheses that were extracted from SIC for both groups, pre-and post-intervention:
Hypothesis I (primary endpoint): The number of shared uni-professional information items during the interaction were compared.
Hypothesis II: Three parameters commonly used in gender communication studies were used to quantify sensitive and respectful communication [21, 22] :
• Who initiates the interaction?
• Do partners interrupt each other/how often does this happen?
We defined an interruption as impairing the semantic well-formedness of the partners' word flow. For example, Person A: "On Mr. Miller -we should really consider changing…"
Person B (interrupting): "Ah, yeah, you're right -I will have a look at his file later. "
• How much speaking time do partners occupy in relation to each other?
Hypothesis III: the care objectives agreed upon by each team were presented to four independent experts (from the fields of geriatrics, palliative care, nursing, and social work), who allocated them to six different categories and judged their reasonableness on a 6-point Likert Scale (1= very unreasonable, 6=very reasonable). The categories used were: pain therapy, therapy of other symptoms, guarding of patient's autonomy, advance planning, integration of relatives, and integration of psychological aspects.
Outcomes
An increase in the number of uni-professional information items exchanged (meaning information that is only accessible to one profession) in these encounters served as the primary endpoint to this study. Additionally, communication style and quality of care objectives were analyzed.
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Ethics Participants (both control and intervention groups) were not considered vulnerable subjects as they had the capability to agree to an informed consent [23] . The subjects were informed about the project, received promise of data protection and confidentiality, and were given the opportunity to ask questions. All participants provided written informed consent.
Sample Size
Sample size was determined using calculation software [24] . The number of exchanged information items was the primary endpoint (15 items = 0-15 points, α = .05, Power = .80, δ = 3 P, Scattering = 3 P) and showed the need for 17 participants per group. Calculations performed for other hypotheses showed that N = 17 was also sufficient for secondary endpoints. To prevent problems related to dropout, 20 participants were included in each group.
Randomization
Medical and nursing students were randomly assigned to the intervention and control group using a simple, computer-based random numbers procedure. Randomization was done separately for both professional groups (i.e., stratified) to ensure a ratio of medical and nursing students of 10:10 in both study groups.
Allocation concealment
Allocation to the groups was performed using numbered papers and a ballot box. The sequence was concealed until interventions were assigned.
Implementation
Planning and execution of randomization was performed by a staff member who was involved neither in teaching nor in the evaluation of the video material.
Blinding
Whereas participants allocated to the groups were aware of the allocated arm, outcome assessors and data analysts (JMJ, HH) were blinded to the allocation. Videos were presented to them in a mixed order using ciphering generated by the staff member responsible for randomization of the participants.
Statistical Methods
Data analysis was performed using the statistics software SPSS. Special tests for nominal data included chi-square, where applicable, or Fisher's exact test (information items, interaction initiation, interruptions). Mean values were compared by use of the t-test for independent samples (quality of care objectives).
evaluation (t1) as planned and were randomly and evenly assigned to the two study groups.
Implementation of intervention
The curriculum and the control group were implemented as planned. No adverse events occurred.
Recruitment
As the follow-up evaluation (t2) was performed immediately after completion of the intervention, and all study participants agreed to further participate in the study, no subjects were lost to the analysis. similar for both groups. These factors might help to control for possible confounders, despite the effort of randomization, within such a small sample [25] . Therefore, bias caused by strong differences between the groups can be regarded as unlikely.
Numbers analyzed
There was no (0/40 = 0%) dropout; all participants in both groups underwent evaluation before and after the intervention/comparator, and all data were eligible for inclusion. All participants (N = 40) were included in the analysis.
Outcomes and Estimation
Care objectives Care objective scores increased post-intervention for both groups in all but one category: care of other symptoms. The increase in score for the control group was statistically significant for two categories: guarding of patient's autonomy and integration of psychological aspects. Scores for the intervention group were significant for three categories: pain therapy, guarding of patient's autonomy, and integration of psychological aspects. Table 2 depicts changes in care objective scores before and after the intervention, as compared between the intervention and the control groups. P-values and a 95% confidence interval are given for the t-test.
Table 2 Care objective scores
Note: M=mean; SD=standard deviation, MD=mean difference, CI=confidence interval *significant **highly significant Figure 7 shows the pre-and post-mean care objective scores of each study group for all six categories combined, as rated by each expert individually. Mean rater value and rater range are displayed above the brackets.
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Vol. 1 Who initiates the interaction? A statistically significant change was present in the intervention group, while no change was detectable in the control group. Table 3 depicts changes in communication initiation before and after the intervention as compared between the intervention and the control group. P-values are given for the Fisher's exact test for nonparametric testing in small samples.
Do partners interrupt each other/how often does this happen? No interruptions, according to our definition, occurred in any of the interactions.
How much speaking time do partners occupy in relation to each other? Occupation of speaking time did vary slightly in both groups before and after the intervention. Table 4 depicts changes in occupation of speaking time before and after the intervention as compared between the intervention and the control group.
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Number of exchanged information items
There was a statistically significant increase in the number of information items exchanged for both the control and intervention groups. Table 5 depicts the number of uni-professional information items exchanged before and after the intervention as compared between the intervention and the control group. P-values are given based on chi-square tests for non-parametric samples.
Table 5
Number of information items exchanged *significant **highly significant
Adverse events
No adverse events were reported.
Discussion
Interpretation A statistically significant increase in the number of information items exchanged was observed for both the control and intervention groups. As discussed in detail later, we believe that the method of evaluation could have influenced the participants to realize the significance of information exchange. Neither the written material nor the seminar seem to have influenced this increase in exchanged
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Vol. Table 4 Occupation of speaking time information items. Two different case vignettes were used pre-and post-intervention to control for recall bias. This leaves potential space for bias through differences in vignettes. However, case vignettes had been pre-tested for accessibility, distribution of items, and content validity, making them an unlikely source of bias. This leaves the initial evaluation interaction as the most likely cause for change.
While interaction initiative remained stable between both professions in the control group, all post-intervention interactions were initiated by nursing students in the intervention group. This observation might reflect an increased role understanding within both professional groups as well as an increase in self awareness of nursing students. It is likely that nursing students' initiative and/or medical students' openness to enter information exchange and joint planning increased through our IPE intervention.
Interestingly, no interruptions occurred and speaking time was shared evenlyanyone familiar with clinical work would consider this an unlikely result. However, these results might reflect bias as a result of convenience sampling and social desirability within the experimental setting, as discussed later in detail.
These results appear to suggest that IPE has a positive effect on collaboration between different professions.
The overall quality of care objectives increased in both groups, but the effect tended to be more significant in the intervention group. This observation could suggest that improvement in quality of care objectives is linked to information delivery through the seminar or written material. However, considering the conditions of the trial, we find it likely that this effect was partly caused by a "learning effect" impinged through the SIC. Thus, the interpretation of this finding remains controversial. We also noted rating differences between the experts, which seem to be due to inter-individual as well as profession-specific disparities.
Generalizability and limitations
An experimental randomized controlled trial is a useful design for evaluating the effects of IPE within complex interventions, as it focuses on efficacy rather than effectiveness [26] . In order to guarantee standard procedure for complex RCTs, we followed the phase plan for complex interventions suggested by Campbell (Phase III) [27] . Still, several limitations apply to the results presented-especially in relation to the method of evaluation-which will be specified below.
To our surprise, the number of exchanged information items increased significantly for both groups. One explanation for why this occurred may be that the SIC caused this effect in both groups. The SIC method used is similar to the concept of simulated patient contact applied in medical education [28] , where videotaped patient-doctor contact is used as an educational tool. It is likely that this could be true for the SIC as well. Instead of solely being a point of measurement in time (like taking a blood sample), the SIC might have impinged a "training effect" on both groups. This training effect is a bias to our results, but at the same time it points to the possible value of the SIC when used for educating students. This interesting finding merits further investigation.
Participants volunteered for this study, which represents convenience sampling. This type of non-probability sampling has less external validity, as the sample group is not representative of the average medical or nursing student. Instead, the sample might represent a more dedicated subgroup of learners who have a more positive attitude toward IPE. As students with negative attitudes toward interprofessional learning tend to gain the least from IPE courses [29] , the results of this study might overestimate the actual effect of our intervention.
Participants were not blinded to the fact that they received an IPE intervention. Therefore, a social desirability bias, especially in terms of impression management-a conscious self-presentation tailored to an external audience [30] -is possible. Furthermore, it is possible that the presence of a camera had additional influence on participants' behaviour. However, experience with simulated settings suggests that students quickly forget about the cameras' presence [31, 32] and therefore act more habitually. It has to be kept in mind that the risk of observing selected, instead of habitual, behaviour is a general problem when using simulated settings [33] . Incognito evaluation [34] could be a solution to this problem, but it is expensive, logistically very demanding, and raises ethical concerns [33, 34] .
In our study, we mainly focused on the effects of IPE on verbal communication. It cannot be said if the short-term findings of this study would persist over time. Longterm follow-up in studies on communication skills in cancer care show variable results, but positive effects tend to be sustainable [35] . However, this question was not within the scope of this work. Nevertheless, it should be further investigated, as there is a paucity of longitudinal studies in IPE concerning behaviour [36] . Longitudinal testing, as well as the use of multiple methods of assessment, can overcome many of the limitations of individual assessment formats and study designs [37] .
Finally, this study is representative of only one cultural background, in this case, German. Cross-cultural studies will be necessary to further support and advance the claims made by this paper.
Overall evidence
Teamwork skills are considered to be important in delivering patient care [38] . Learning with, from, and about each other in the health sciences can serve to positively influence frequency of communication, communication errors, and the working atmosphere [39] . What is more, it can serve to positively influence the quality of care [40] .
However, these connections are not supported by clear empirical evidence [41] . Evidence only exists on the level of self-perceived behavioural and attitude change, as pointed out by Hammick [15] . Therefore, the need for further research to strengthen our knowledge of the effects of IPE seems necessary. This study was aimed at showing effects of IPE on the level of behaviour, beyond the scope of selfperceived effects, using an experimental RCT set-up. However, as Campbell already described thoroughly, such a "complicated intervention, " dealing with complex inter-and intrapersonal influences and change, is subject to many confounding factors [27] , which we have discussed. Nevertheless, we were able to produce a first layer of empirical evidence in support of IPE effects on the behaviour of nursing and medical students. Although, it must be added that the SIC technology will have to undergo further development before it can be tested in a Campbell Phase IV trial, that is, before it can regularly be used in a practical setting.
Conclusions
We established an experimental RCT to evaluate the effects of an interprofessional education intervention on nursing and medical students. We found a moderate effect toward a change in interprofessional communication style. However, we encountered relevant difficulties in establishing the simulated setting and following the planned study design. Those methodological aspects are critically discussed in this paper.
We introduced a new video simulation technique-simulated interprofessional contact (SIC)-for clinical evaluation and assessment. This new method proved promising, but clearly needs further evaluation as an educational tool in IPE.
Despite all obstacles, generating empirical data on IPE effects is possible, and researchers should strive to further increase the body of evidence.
